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, 2 Disease-free steady state $X_{0}(\lambda/m, 0,0,0)$
Disease steady state $X_{1}(x , y, v, z)$ , .
$x$ $=$ $\frac{a(du\beta-mpq)+\sqrt{a^{2}(du\beta-mpq)^{2}+4adkpq\lambda}\beta^{2}}{2dk\beta^{2}}$ ,
$v$ $=$ $\frac{\lambda}{\beta x}-\frac{m}{\beta}$ ,
$y$ $=$ $\frac{\beta x}{a}(\frac{\lambda}{\beta x}-\frac{m}{\beta})$ ,
$z$ $=$ $\frac{q}{d}(\frac{\lambda}{\beta x}-\frac{m}{\beta})$
. $X_{0}$ . $R_{0}<1$ Disease-
free steady state $X_{0}$ , $X_{1}$ . $R_{4}>1$
Diseae steady state $X_{1}$ , $X_{0}$ .





. $dV/dt\leq 0$ .
(Smith-Waltman [8]) , Disease steady state $X_{1}$
.
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$x$ , $y_{i}$ $i$ , $v_{i}$ $i$








$R_{\eta}^{j}> \frac{\lambda}{mx}\geq R_{t}^{\dot{J}+1},$ $R_{0}^{j+2},$
$\ldots$ , (3)




$V$ $=$ $x-x \log x+\sum_{\mathfrak{i}=1}^{j}y_{i}-y_{i}\log y_{i}+\frac{a_{i}}{k_{\dot{\iota}}}\{v_{i}-v_{i}\log v_{i}+\frac{p_{\iota}}{2q_{i}}(z_{i}-z_{i})^{2}\}$
$+ \sum_{i=j+1}^{n}y_{i}+\frac{a_{i}}{k_{i}}(v_{i}+\frac{p_{i}}{2q_{1}}z_{1}^{2})$
(2) $V$
$\frac{dV}{dt}$ $=$ $2mx-mx- \frac{m(x)^{2}}{x}+\sum_{i=1}^{j}ay_{i}(3-\frac{x}{x}-\frac{v_{i}y_{1}}{v_{i}y_{1}}-\frac{y_{i}x.v_{i}}{xv_{1}y_{i}})$
$+ \sum_{i=j+1}^{n}\beta_{i}(x-\frac{a_{ih}}{\beta_{i}k_{1}})v_{i}-\frac{a_{i}d_{i}p_{1}}{k_{i}q_{1}}z_{1}^{2}$
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. , (3) , $v_{i}\geq 0$ , $dV/dt\leq 0$ .
,
.












$\text{ ^{}-1}>$ $= \frac{\lambda}{mx}>\text{ ^{}+1},$ $R_{0}^{j+2},$
$\ldots$ , (5)
. Iwasa-Michor-Nowak [1, 2]
$\{\begin{array}{l}y_{i}, v_{i}, z_{i}>0 (i=1,2, \ldots,j-1),y_{i}, v_{i}>0, z_{\dot{f}}=0 (i=j),y_{i}, v_{i}, z_{i}=0 (i=j+1,j+2, \ldots,n),\end{array}$
. .
$V$ .
$V$ $=$ $x-x \log x+\sum_{i=1}^{j-1}y_{i}-y_{i}\log y_{i}+\frac{a_{i}}{k_{i}}\{v_{i}-v_{i}\log v_{i}+\frac{p_{i}}{q_{i}}(z_{i}-z_{i}\log z_{i})\}$




$\frac{dV}{dt}$ $=$ $mx(2- \frac{x}{x}-\frac{x}{x})+\sum_{1=1}^{j-1}a_{i}y_{i}(3-\frac{x}{x}-\frac{v_{i}y_{i}}{v_{i}y_{i}}-\frac{y_{i}xv_{i}}{xv_{i}y_{i}})$
$+a_{j}y_{j}(3- \frac{x}{x}-\frac{v_{j}y_{i}}{v_{j}y_{j}}-\frac{y_{j}xv_{j}}{xv_{j}y_{j}})$
$+ \sum_{i=j+1}^{n}$ $( \beta_{i}x-\frac{a_{i}*}{k_{i}})v_{i}-\frac{a_{i}p_{i}d_{i}}{k_{1}\cdot q_{i}}z_{i}$
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